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(57) Abstract 

The invention relates to a method of quick-opening a set of rolls 
in a calender, in particular a supercalender, in a calender (10) in which a 
paper or board web (W) to be calendered is passed through calendering 
nips (N1-N9) formed by a variable-crown top roll (13), a variable-crown 
bottom roll (14) and by two or more intermediate rolls (15-22) fitted 
between the top and bottom rolls (13. 14). The rolls (13-22) are arranged 
to fomi a substantially vertical stack of rolls (12), and the intermediate 
rolls (15-22) are supported by means of hydraulic relief cylinders (155- 
225) so as to relieve the nip load produced by the masses of bearing 
housings (151-221) of said intennediate rolls (15-22) and of auxiliary 
devices (154-224) associated therewith. During the quick-opening of 
the set of rolls, the bottom roll (14) of the set of rolls is lowered and the 
relief pressures In the hydraulic relief cylinders (1 55-225) are discharged 
so as to open the calendering nips (N1-N9). The hydraulic oil flowing 
out from the relief cylinders (155-225) is controlled by means of valves 
connected to the relief cylinders (155-225) of each intermediate roll 
(15-22) so that, during quick-opening of the set of rolls, the roll nips 
(N1-N9) may be opened in a controlled way in a desired order. The 
invention also relates to a hydraulic system for the set of rolls. 
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Method of quick-opening a set of rolls in a calender, in particular 
in a supercalender, and a hydraulic system for a set of rolls in a 
calender, in particular a supercalender 



The invention relates to a method of quick-opening a set of rolls in a calender, in 
particular a supercalender. in a calender in which a paper or board web to be calen- 

10 dered is passed through calendering nips formed by a variable-crown top roll, a 
variable-crown bottom roll and by two or more intermediate rolls fitted between the 
top and bottom rolls, which rolls are arranged to form a substantially vertical stack 
of rolls, and in which calender the intermediate roils are supported by means of 
hydraulic relief cylinders so as to relieve the nip load produced by the masses of 

15 bearing housings of said intermediate rolls and of auxiliary devices associated 
therewith, and in which case, during the quick-opening of the set of rolls, the bottom 
roll of the set of rolls is lowered and the relief pressures in the hydraulic relief 
cylinders are discharged completely or partly so as to open the calendering nips. 

20 The invention also relates to a hydraulic system for a set of rolls in a calender, in 
particular a supercalender, comprising a variable-crown top roll, a variable-crown 
bottom roll and two or more intermediate rolls fitted between the top roll and the 
bottom roll, which rolls are arranged to form a substantially vertical stack of rolls, 
the rolls placed one above the other in the set of rolls being in nip contact with one 

25 another and forming calendering nips therebetween, in which set of rolls the 
intermediate rolls are provided with hydraulic actuators, in particular with relief 
cylinders, so as to relieve the nip load produced by the masses of bearing housings 
of the intermediate rolls and of auxiliary devices associated therewith, such as, take- 
out rolls and equivalent, in which case, during operation, the hydraulic system is 

30 arranged to supply hydraulic oil to the relief cylinders under a desired pressure 
through valves. 
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The set of rolls in a supercalender conventionally comprises a plurality of rolls, 
which are arranged one above the other as a stack of rolls. The rolls placed one 
above the other are in nip contact with one another, and the paper or board web or 
equivalent to be calendered is arranged to run through the nips between the rolls. 
5 The rolls are joumalled revolvingly on bearing housings, which in turn are normally 
attached to base parts fitted slidably on vertical guides provided in the frame of the 
calender. The base parts are suspended through stop parts on vertical lifting spindles 
provided in the frame of the calender, one of the functions of said lifting spindles 
thus being to act as guides to keep the rolls of the set of rolls in a correct position. 
10 Thus, the rolls of the set of rolls are not rigidly fixed at their bearing housings to the 
frame of the calender, but, instead, the rolls can move in a vertical direction. 

The masses of the bearing housings of the rolls and of the auxiliary devices attached 
thereto, such as, take*out rolls, are quite large, which caused in conventional 

IS supercalenders the considerable drawback that said masses caused distortions in the 
distributions of the linear loads of the nips. For this reason, supercalenders started 
to employ relief devices, which are supported on the base parts of the rolls, on one 
hand, and on spindle nuts provided on the lifting spindles, on the other hand, so that 
the distortions caused by the weight of the bearing housings of the rolls and of the 

20 auxiliary devices attached thereto in the linear load profiles between the rolls were 
relieved by means of relief devices. One such arrangement has been previously 
disclosed, inter alia, in US Patent 4,901,637. The use of relief devices is previously 
known also from conventional machine calenders, in which attempts are made to 
eliminate, in particular, by means of hydraulic relief cylinders the above-mentioned 

25 effect of concentrated loads arising from the bearing housings of the rolls and from 
auxiliary devices. 



In conventional sets of rolls of supercalenders provided with a lifting spindle, in 
connection with the quick-opening of the set of rolls, the rolls fall so as to rest on a 
30 nut of the lifting spindle situated below a bracket of the base part of the bearing 
housing. The quick-opening of the set of rolls has been carried out, as a rule, in 
such a way that the pressure has been discharged out from the lifting cylinder of the 
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bottom roll in the set of rolls or, in a similar way, in the case where as the bottom 
roll is used a roll which is adjustable in zones and in which the roll mantle is able 
to move over its entire length in a radial direction relative to the axle of the roll, the 
pressures have been discharged out from the loading members of the roll mantle so 
5 that the roll mantle has substantially moved relative to the axle of the roll, thereby 
allowing the intermediate rolls of the set of rolls to "fall" a certain distance down- 
wards together with the roll mande of the bottom roll. The movement of the lower 
intermediate rolls has been larger than the movement of the upper intermediate rolls 
in order to provide a gap of substantially equal size between the rolls. For this 

10 reason, the opening of the nips of the set of rolls has not been simultaneous, but, 
instead, the opening of the set of rolls has started from the uppermost nip, proceed- 
ing as a successive process towards the lowermost nip. This has usually taken place 
irrespective of whether or not any relief devices have been used in connection with 
the intermediate rolls. Additionally, the opening distances have been previously quite 

15 considerable because supercalenders previously employed fibre rolls, or so-called 
filled rolls, as soft rolls. The opening of the nips at different times has caused the 
considerable disadvantage that there have been substantial variations in the tension 
of the web and, consequently, there have always occurred web breaks in quick- 
opening. The broken end of paper has in turn run through the closed nips, which has 

20 resulted in the marking of soft rolls, which has further caused that the quality of 
paper has been completely spoilt, unless said marked roll has been replaced. 

New supercalenders have begun to employ polymer rolls as soft rolls instead of fibre 
rolls, whereupon the total height variation of the set of rolls has remained consider- 

25 ably smaller than in conventional supercalenders that use filled rolls. One reason for 
this reduced total height variation has been the fact that variations in the diameters 
of soft rolls have been very small because the grinding allowances of said rolls are 
small. This reduced total height variation has in turn led to the fact that it has been 
possible to omit altogether the lifting spindles and the glide guides associated with 

30 conventional sets of rolls in a supercalender, and it has been possible to replace this 
construction with a so-called articulated set of rolls, where the intermediate rolls of 
the set of rolls are mounted on the frame of the calender by means of articulated 
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arms pivotally mounted on said frame. It has been possible to do so for the reason 
that, since the variations of the total height of the set of rolls are small, the vertical 
distance of movement required by an individual roll is small, and because of this, 
irrespective of the articulated attachment mode, the movements of the rolls relative 
S to the nip level have also been very small when adjusting the height position of the 
roll. 

One such very developed articulated set of rolls is disclosed, inter alia, in FI Patent 
Application No. 935214. However, the problem also with this kind of supercalender 
10 has been to make the nips of the set of rolls open simultaneously during quick- 
opening of the set of rolls. For this reason, the purpose of the present invention is 
to provide a method aiKl a system by which the nips of the set of rolls can be opened 
in a controlled and a desired manner in the order desired during quick-opening, 
preferably such that the nips open simultaneously during quick-opening. 

15 

With a view to attaining the objectives of the invention, the method according to the 
invention is mainly characterized in that the hydraulic oil flowing out from relief 
cylinders is controlled by means of valves connected to the relief cylinders of each 
intermediate roll so that, during the quick-opening of the set of rolls, the roll nips 
20 may be opened in a controlled way in a desired order. 

The hydraulic system according to the invention is mainly characterized in that the 
hydraulic system is arranged to supply relief cylinders with a hydraulic pressure 
which depends on the load acting on them and which pressure can, during the quick- 
25 opening of the set of rolls when the bottom roll in the stack of rolls has been 
lowered, be discharged from the relief cylinders of the intermediate rolls in a 
controlled way so that the calendering nips in the set of rolls may be opened in a 
desired order. 

30 The invention provides significant advantages over prior art arrangements and of 
these advantages, among other things, the following may be stated. The quick- 
opening operation has been accomplished in the invention most advantageously 
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completely hydraulically so that the nips may be opened in a desired manner and 
quickly. In the most advantageous embodiment the invention is accomplished such 
that the nips open simultaneously. For instance, in a web break situation the 
simultaneous and quick opening of the nips is of crucial importance, because in 
S supercalenders the quick-opening should, as a rule, take place even in a shorter time 
than half a second after a web break has been observed. This can be accomplished 
by the arrangement of the invention. The further advantages and characteristic 
features of the invention come out from the following detailed description of the 
invention. 

10 

In the following, the invention will be described by way of example with reference 
to the figures in the accompanying drawing. 

Fig. 1 is a schematic side view of a calender to which the method and the system in 
15 accordance with the invention are applied. 

Fig. 2 shows a hydraulic circuit diagram of the system in accordance with the 
invention in a situation where the calendering nips have been opened. 

20 Fig. 2 A shows by means of a circuit diagram corresponding to Fig. 2 a calender in 
a running position with the calendering nips closed. 

Figs. 3A — 3C, 4A— 4C and SA — ^SC show some alternative cylinder applications, 
which are suitable for use in the hydraulic system in accordance with the invention 
25 in relief cylinders of calender rolls. 

Thus, Fig. 1 is a schematic side view of a supercalender in which the method and 
the systeim in accordance with the invention are applied. The supercalender in Fig. 
1 is denoted generally with the reference numeral 10, and it comprises a calender 
30 frame 11, in which a stack of rolls 12 consisting of a number of rolls has been 
mounted in a vertical plane. The stack of rolls 12 comprises a top roll 13, a bottom 
roll 14, and a number of intermediate rolls 15—22 fitted one above the other 
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the top roll and the bottom roll, which rolls are all arranged in such a way that they 
are in nip contact with one another in a running situation. Fig. 1 shows the stack of 
rolls 12 of the calender expressly in the running position. A paper or board web W 
is passed in the example shown in Fig. 1 over a spreader roll 133 and a take-out roll 
5 134 into an upper nip Nj and further through other nips N2 — Ng in the calender and 
fmally out from a lower nip N9. Between the nips N| — the paper or board web 
W is taken apart from the face of the rolls by means of take-out rolls 154,164,174, 
184,194,204,214,224. As shown in Fig. 1, the take-out rolls are situated 
altematingly ''outside" (take-out rolls 164,184,204,224) and ''inside" (take-out rolls 
10 154,174,194,214) the stack of rolls relative to the calender frame 11. 

The top roll 13 in the calender is a variable-crown roll, whose bearing housing 131 
in the embodiment of Fig. 1 is attached directly and rigidly to the calender frame 1 1 . 
The axle of the variable-crown top roll 13 is mounted in said bearing housing 131, 
15 and the roll is provided, in a normal way, with internal loading means, by which the 
deflection of the roll mantle may be regulated in a desired way. The top roll 13 is 
a so-called soft roll and it is provided with a resilient polymer coating 132. 

In a similar way, the bottom roll 14 in the calender is a variable-crown roll, whose 
roll mantle is mounted rotatably on the roll axle and which roll 14 is provided with 
internal loading means, by which the deflection of the roll mantle can be regulated 
in a desired way. The axle of the bottom roll 14 is mounted in bearing housings 141. 
which in the embodiment of Fig. 1 are mounted on loading arms 144, which are 
linked by means of articulated joints 145 to the calender frame 11. Between the 
calender frame 11 and the loading arms 144 there are mounted lower cylinders 143, 
by whose means the bottom roll 14 can be displaced in a vertical plane. Thus, the 
loading of the nips N| — N9 in the stack of rolls 12 can be provided by means of the 
lower cylinders 143 and, further, the stack of rolls 12 can be opened, if needed, by 
means of said lower cylinders 143. The internal loading means of the top roll 13 
may also participate in the loading of the nips N| — N9 in the stack of rolls. Owing 
to the variable-crown bottom roll 14, the profiles of linear loads can be kept uniform 
in the nips N| — N9 in the stack of rolls 12. In the example of the figure the bottom 
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roll 14 is also provided with a polymer coating 142 corresponding to that of the top 
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is also provided with a polymer < 

roll 13. 



The intermediate rolls 15—22 in the stack of rolls 12 consist alternately of hard- 
5 faced and sofl-faced rolls in such a way that, except the middle nip Nj of the stack 
of rolls 12, in all the other nips one of the rolls is a haid-faced roll and the roll 
forming a nip therewith is a soft-faced roll. By soft-faced calender rolls are meant 
both modern rolls provided with a thin polymer coating and rolls provided with a 
coating made of a sheet material by pressing in an axial direction and conventionally 
10 used in the supercalender. The middle nip N5 in the stack of rolls 12 is a so-called 
soft nip, in which both of the rolls forming the nip are soft-faced rolls. Thus, as the 
top roll 13 m the stack of rolls is a soft-faced roll, the uppermost intermediate roll 

15 is a hard-faced roll. In a corresponding way, the second topmost intermediate roll 

16 is a soft-faced roll provided with a resilient polymer coating 166 and, fiirther, the 
15 following intennediate roll 17, or the third intermediate roll from the top. is a hard- 
face roll. As already stated aboye, the roUs 18 and 19 forming the middle nip N5 are 
soft rolls provided with a resilient polymer coating 186,196, the next roll 20 
downwards being again a hard-faced roll. The second lowest intennediate roll 21 is 
a roll provided with a polymer coating 216 and the lowermost intermediate roll 22 

20 is a hard-faced roll. 

In the calender shown in Fig. 1, bearing housings 151,161,171,181,191,201,211,221 
of each intermediate roll 15—22 in the stack of rolls 12 are mounted on arms 
152. 162, 172, 182, 192,202,212.222, which are linked pivotally on the calender frame 

25 1 1 by means of articulated joints 153.163,173, 183,193,203,213 and 223 parallel to 
the axis of said rolls. The arms 152,162,172,182,192.202,212 and 222 are provided 
with relief devices 155. 165,175.185,195,205.215 and 225. which are pressure- 
medium operated piston-cylinder devices, most advantageously, hydraulic cylinders, 
which are attached at one end thereof to said arms of the intennediate rolls 15—22 

30 and at the opposite end thereof to the calender frame 1 1 . The so-called journal loads 
of the intermediate rolls, ie the loads caused by the bearing housings of the inter- 
mediate rolls 15—22 and by the auxiliaiy devices attached to the bearing housings. 
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can be relieved by means of said relief devices. The required relief forces are of 
different magnitude on the different intermediate rolls 15 — 22 since, as already 
stated previously, the take-out rolls, which are attached to the bearing housings of 
the intermediate rolls 15 — 22, are situated alternately on the inside and on the 
5 outside of the nip plane relative to the calender frame 11, and thus the loading 
caused by them on the relief devices is of different magnitude. 

It has also already been slated above that in a situation where the stack of rolls is 
quickly opened the rolls 13 — ^22 in the stack of rolls must be detached from one 

10 another in such a way that each of the nips N| — ^Ng opens, preferably an equal 
distance. In Fig. 1, which thus shows the calender 10 in a running position with the 
nips Ni — N9 closed, attempts arc made to illustrate this in such a way that the length 
of the relief device 155 of the topmost intermediate roll 15, ie the length of a 
projecting piston rod of a hydraulic cylinder, is denoted with the reference sign a. 

15 The size of the gap between the rolls required in quick-opening is in turn denoted 
with the reference sign b in Fig. L Consequently, the length of the projecting piston 
rod in the hydraulic relief device 165 of the second highest intermediate roll 16 must 
be a + b. 

20 In a similar way, in the direction downwards in the stack of rolls 12, the length of 
the projecting piston rod in the relief device of each intermediate roll must be by 
said distance b greater than the length of the piston rod in the relief device situated 
above so that in the calender 10 shown in Fig. 1 comprising eight intermediate rolls 
the length of the projecting piston rod in the hydraulic relief device 225 of the 

25 lowermost intermediate roll 22 is a -h 7b. In that case, when in a quick-opening 
situation the stack of rolls is opened by means of the lower cylinder 143 by lowering 
the bottom roll 14, there remains a gap of the size of the distance b in each nip 
Nj — when the piston rods of the hydraulic relief devices are at the bottom. 
Naturally, a gap larger than this may remain in the lowermost nip N9 depending on 

30 the extent of the movement of the lower cylinder 143. Thus, during quick-opening 
the roll under each intermediate roll falls by the distance b more than the roll above. 
Because of the stresses directed by the quick-opening at the hydraulic relief devices 
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155,165,175,185,195,205,215 and 225, cushioned hydraulic cylinders must be used 
as relief devices. The operation of the system during quick-opening is described 
more closely by means of the hydraulic circuit diagram shown in Fig. 2. 

5 Fig. 2 thus shows a hydraulic circuit diagram which accomplishes the method and 
the system in accordance with the invention. As already previously clearly stated, the 
invention primarily relates to the quick-opening of a set of rolls in a calender, and 
the invention is accomplished in such a way that the internal flow resistance of the 
hydraulic system is utilized during the quick-opening. The system thus enables the 

10 separation of the rolls of the system of rolls from one another as quickly as possible 
after a quick-opening signal has been received. In Fig. 2, the hydraulic relief devices 
of the intermediate rolls, ic the relief cylinders, are denoted with the reference signs 
155,165,175,185,195,205.215 and 225 corresponding to Fig. 1. The diagram 
drawing shown in Fig. 2 also depicts the lowermost intermediate roll 22 of the set 

15 of rolls, which roll is the drive roll of the calender, and the articulated arm 222 of 
said drive roll, by which it is attached with an articulated joint to the calender frame 
not shown in Fig. 2. 

The relief cylinders 155 — 225 of each intermediate roll in the set of rolls have a 
20 valve of their own 156, 166, 176, 186, 196,206,216 and 226, through which a required 
relief pressure is supplied to the relief cylinders in a running situation, and through 
which valves 156 — ^226 the pressure is discharged from the relief cylinders 155 — 225 
in a situation where the calender is quick-opened. In accordance with Fig. 2. said 
valves 156—226 are preferably hydraulically controlled valves, for instance, 
25 directional control valves shown in the figure. The hydraulic circuit diagram of the 
system is divided, in a way, into four sections such that, firstly, the hydraulic system 
comprises a first pressure circuit 31', through which the same filling pressure is 
supplied to the side of the piston rod of all the relief cylinders 155— 225. Thus, the 
relief cylinders are double-acting hydraulic cylinders, as shown by Fig. 2. The 
30 filling pressure is supplied to the side of the piston rod of the relief cylinders mainly 
for the reason that, in a quick-opening situation, the relief cylinders can be made 
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shorter quickly by the action of said filling pressure when their relief pressure has 
been discharged. 

The first pressure circuit comprises an adjustable valve 31, for instance, a controlled 
5 pressure valve, through which pressure is supplied from a pressure supply line of the 
system to a pressure line 31b leading to the side of the piston rod of the relief 
cylinders 155 — ^225. The first pressure circuit is additionally provided with a 
pressure gauge 31a or equivalent, by which the pressure of the first pressure circuit 
is monitored. Further, the first pressure circuit is fitted with a reservoir 30 for a 
10 pressure medium, or hydraulic oil, said reservoir being preferably placed at the 
upper part of the hydraulic system. The purpose of the reservoir 30 is to ensure a 
sufficiently rapid supply of oil to the side of the rod of the relief cylinders 155 — ^225 
in a quick-opening situation. 

15 The hydraulic system comprises, in addition, separate pressure circuits 32\33',34' 
for the relief cylinders 165,185,205 of the intermediate rolls provided with an 
external take-out roil, for the relief cylinders 144,175,195,215 of the intermediate 
rolls provided with an internal take-out roll and separately for the relief cylinder 225 
of the lowermost intermediate roll, ie the drive roll 22. These separate pressure 

20 circuits are necessary specifically for the reason that, on one hand, * the different 
locations of the take-out rolls produce different loads on the relief cylinders, so 
naturally it must be possible to load them with a different pressure. On the other 
hand, the loads directed to the drive roll 22 differ from the load of all the other 
intermediate rolls, so said drive roll 22 must have a separate pressure circuit of its 

25 own. Thus, each of these separate pressure circuits 32', 33*, 34* comprises an 
adjustable valve 32,33,34, which is preferably of a type corresponding to the valve 
31 of the first pressure circuit 31*, through which valve hydraulic oil from the 
pressure supply line of the hydraulic system is passed to respective pressure lines 
32b,33b,34b. Further, these pressure circuits are provided with pressure gauges 

30 32a,33a.34a or equivalent means. Hydraulic oil is passed from said pressure circuits 
to the relief cylinders 155 — ^225 through the valves 156 — ^226. As already previously 
stated, said valves 156 — ^226 are hydraulically controlled valves and these valves 
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receive their necessary control pressure through the valve 35, which thus controls 
jointly all the valves 156—226 of the relief cylinders 155—225. 

Fig. 2 specifically shows a quick-opening situation where the pressures have been 
5 discharged under the piston of the relief cylinders 155 — 225. In such a quick- 
opening situation, pressure has been removed from the loading cylinder 143 of the 
bottom roll 14 of the calender, in which case the bottom roll 14 has been lowered. 

Before the quick-opening simation, the hydraulic system has been in an operation 

state corresponding to Fig. 2A, where the valve 35 controlling the valves 156 — 226 
10 of the relief cylinders 155 — ^225 has supplied the hydraulically controlled valves 
156 — 226 with a control pressure, which has mamtained said valves against the 
spring-load of the valves in the position shown in Fig. 2A in such a way that the 
hydraulic oil has been allowed to get under the piston of the relief cylinders 

155— 225 through the pressure circuits 32',33*,34' in order to provide a required 
15 relief force. In the quick-opening situation shown in Fig, 2, said valve 35 has moved 

to the position shown by said Fig. 2, in which case the control pressure of the valves 

156 — 226 of the relief cylinders 155 — ^225 has discharged and the spring-load of the 
valves has displaced the valves from the position shown in Fig. 2 A to the position 
shown in Fig. 2, in which the pressure connection from the pressure circuits 32\33', 

20 34' to the relief cylinders 155 — ^225 has been cut off and, correspondingly, die 
connection from below the piston of the relief cylinders 155—225 to a reservoir 40 
has been opened. 

As clearly depicted in Fig. 2, in a quick-opening situation the valves 156—226 of 
25 the relief cylinders 155—225 are connected in series in such a way that the hydraulic 
oil flowing out from each relief cylinder 155 — ^225 is guided through the valve 
166—226 of the next relief cylinder below, in which case, in the fashion shown by 
Fig. 2, die hydraiulic oil flowing out from all the relief cylinders 155—225 finally 
passes through the valve 226 of the relief cylinder 225 of the lowermost intermediate 
30 roll, ie the drive roll 22. This means that the hydraulic oil flowing out from tt^ 
relief cylinder 155 of the uppermost intermediate roll 15 meets the highest flow 
resistance, because the oil flowing out from said relief cylinder has to pass through 
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the valves of the relief cylinders of all the intermediate rolls 15—22. The flow 
resistance decreases correspondingly in the direction downwards in the set of rolls. 

As shown in Fig. 1, in a quick-opening situation the lowest intermediate roll, or the 
5 drive roll 22, must perform the largest vertical movement, while the required 
movement of the topmost intermediate roil IS is the smallest. In accordance with the 
illustration of Fig. 1, the necessary displacement of the intermediate rolls increases 
in the direction from above downwards. This in turn means that, if it is desired to 
cause all the nips N| — N9 of the set of rolls to open simultaneously, the opening or 

10 falling velocity of the lowest intermediate roll 22 must be the highest and this falling 
velocity must decrease in the direction upwards in the set of rolls. In the invention 
this condition is satisfied because, as already stated above, the rate of the flow out 
from the relief cylinder 225 of the lowermost intermediate roll 22 is the highest, 
since the flow resistance is correspondingly the lowest. The flow resistance increases 

15 in the direction upwards, in which case the rate of flow of the oil out from the relief 
cylinders naturally decreases. This, of course, affects linearly the movement velocity 
of the relief cylinders. Thus, in the arrangement in accordance with the invention, 
gaps begin to be formed between the rolls 13 — 22 . immediately after the valves 
156 — ^226 of the relief cylinders 155 — 225 have moved from the position shown in 

20 Fig. 2A to the position shown in Fig. 2. 

As the hydraulic drawing sign representing the valve 35 in Figs. 2 and 2A seeks to 
illustrate, an electromagnetically controlled valve is preferably used as the valve 35. 
Besides providing a very quick action, said valve 35 can be easily connected 
25 electrically in the electric system of the calender 10, for instance, to such an 
automatic system that identifies web breaks, if such an automatic system is available 
in the calender. 



The above description of the invention has described, with reference to the figures, 
30 an arrangement in which the flow resistances in the path of the hydraulic oil flowing 
out from the relief cylinders 155—225 are arranged in such a way that the calender 
nips N| — open simultaneously in the entire roll suck 12. It is, however, com- 
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pletely possible to arrange and to regulate the flow resistances in the path of the 
hydraulic oil flowing out from the relief cylinders 155—225 in such a way that the 
nips N 1 — N9 can be caused to open in a controlled way in the order considered to 
be necessary. However, as stated, the hydraulic circuit described provides the 
5 simultaneous opening of the nips. 

It is also clear from the above description that in a quick-opening situation the 
intermediate rolls 15—22 of the set of rolls have to be supported by the relief 
cylinders 155—225 in their entirety. Thus, in particular in a quick-opening situation, 

10 the relief cylinders are subjected to quite considerable loads, so cylinders provided 
with cushioning shall be used as the relief cylinders. In spite of this, and especially 

for the reason that the invention provides a very fast opening of the nips Nj N9, 

it may be necessary to also use a separate stop which is based, for instance, on 
friction and which receives totally or at least partly the loads arising from quick- 

15 opening. 

As already explained above, it is advantageous to cause the roll nips to open 
simultaneously in the quick-opening of the set of rolls in a supercalender. In a 
certain way this might be considered problematic because, as it is stated clearly, for 

20 instance, in connection with Fig. 1, the opening distances of the roll nips Nj — N9 
of the set of rolls are unequal in length and because of this the opening speeds of the 
nips must also be different. It must be possible to take care of this variation of 
opening distances and opening speeds by means of the hydraulic system and, in 
particular, by means of the relief cyliiKlers connected to the hydraulic system. Figs. 

25 3A — 3C. 4A— 4C and 5A — 5C illustrate sonie alternative solutions as to how the 
relief cylinders can be accomplished in a manner fiilfilling the requirements set on 
them. 

Figs. 3A— 3C show a hydraulic cylinder, which is generally denoted with the 
30 reference numeral 50. When conventional hydraulic cylinders comprise, as a rule, 
two operating positions, for instance, a pressurized working position and an un- 
pressurized free position, the hydraulic cylinder 50 comprises, in addition to these 
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two positions, also a third operating position, which is between these two positions 
and to which position the hydraulic cylinder can be stopped without complicated 
control circuits. The hydraulic cylinder 50 comprises a cylinder part 51, inside 
which a piston 52 is fitted in a normal way so as to be axially movable. The bottom 
5 of the cylinder part 51 is replaced by a partition wall 55, through which a special 
measuring cylinder 53 is connected to the cylinder part 51. A second piston 54, or 
the piston of the measuring cylinder, is fitted inside the measuring cylinder 53 so as 
to be also axially movable. Thus, in the arrangement shown in Figs. 3A— 3C the 
measuring cylinder 53 functions directly as an extension of the cylinder part 51. The 

10 partition wall 55 is provided with a large-diameter opening extending therethrough, 
the extension 56 of the piston of the measuring cylinder being capable of being 
pushed from the measuring cylinder 53 into the cylinder part 51. Thus, end faces 
58,59 of the piston 52 and the piston 54 of the measuring cylinder can be brought 
against each other so as to be in contact with each other, as illustrated in Fig. 3A. 

15 A spring means 57, for instance, a set consisting of cup springs, a spiral spring or 
equivalent is fitted to the bottom of the measuring cylinder 53, said spring serving 
as cushioning for the piston 54 of the measuring cylinder. The measuring cylinder 
53 is provided with a pressure connection 60 and with a drain connection 61 and the 
cylinder part 51 of the hydraulic cylinder is provided with a pressure connection 62 

20 and with a drain connection 63, respectively. The control pressure 64 of the hydrau- 
lic cylimler 50 is passed to these pressure connections 60,62 in such a way that the 
control pressure is passed to the pressure connection 62 of the cylinder part 51 
through valves 66,67, which in the illustration of Figs. 3A— 3C are one-way 
restrictor valves allowing free flow in one direction and restricting it in the other 

25 direction (said directions are opposite in the valves 66,67). Similarly, the drain 
connections 61,63 are connected to a drain duct 65. 

In Fig. 3 A the hydraulic cylinder 50 is shown in an unpressurized state, in which 
case the piston 52 is pressed to the bottom of the cylinder part 51 by the action of 
30 the external load acting on the piston 52. When applied, for instance, to the calender 
shown in Fig. 1, the situation of Fig. 3 A may correspond to a service position, in 
which case all pressures have been removed from the relief cylinders. As shown by 
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Fig. 3A, the piston 52 is pressed against the piston 54 of the measuring cylinder 
further in such a way that the piston 54 of the measuring cylinder is pressed against 
the spring means 57 situated at the bottom of the measuring cylinder 53. 



5 Fig. 3B shows the hydraulic cylinder 50 in its first working position, which, when 
applied to the calender of Fig. 1, corresponds to the running position of the calen- 
der, in which the calendering nips are closed. In that case, oil has been supplied 
from the pressure duct 64 through the pressure connection 60 to the measuring 
cylinder 53 and through the pressure connection 62 to the cylinder part 51. The 
10 piston 54 of the measuring cylinder has then moved together with the piston 52 in 
the illustration of Fig. 3B to the right, or outwards from the cylinder, until the 
piston 54 of the measuring cylinder has stopped at the partition wall 55. Before 
resting on the partition wall 55, the piston extension 56 of the measuring cylinder 
has rested against the piston 52 in such a way that the ends 58,59 of the pistons are 

15 against each other to balance pressure forces. This is due to the fact that the same 
pressure prevails on both sides of the piston 54 of the measuring cylinder and that 
the area on the side of the partition wall 55 of the piston 54 of the measuring 
cylinder is smaller. When the pressure has been further increased, hydraulic oil has 
flown between the pistons 54 and 52 through the pressure connection 62, until the 

20 piston 52 has reached its extreme position, that is, until an externa] obstruction has 
stopped the movement of the piston 52. In the calender this means precisely the 
situation shown in Fig. 1. where the nips are closed. Fig. 3C shows a situation 
where pressure has been removed from the pressure duct 64. When applied to the 
relief cylinders of the calender, this corresponds to a quick-opening situation. In that 

25 case, when pressure has been removed from the duct 64, the piston 54 of the 
measuring cyluxler is immediately pressed to the bottom of the measuring cylinder 
53 against the spring means 57 by the action of an external load. The spring means 
57 thus provides cushioning in the hydraulic cylinder. The piston 52 of the cylinder 
part 51 has then naturally moved at the same speed an equivalent distance to the left 

30 in Fig. 3C and, if the valve 66 is controlled so as to be closed, the distance between 
the pistons 54 and 52 remauis constant and the piston 52 stops at the position shown 
in Fig. 3C. Pressure is allowed to discharge freely through the valve 67, since said 
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valve 67 restricts the flow and the pressure only in one direction. If again the valve 
66 is not controlled so as to be closed, oil discharges from the cylinder part 51 at a 
desired speed through said valve 66, until the situation corresponding to Fig. 3 A is 
reached. If the valve 66 is replaced, for instance, by a pressure-controlled lock 
5 valve, it is possible to move in both directions between the positions shown in Figs. 
3B and 3C depending on the position of said valve 66 and on the pressure prevail- 
ing in the pressure duct 64. The extent of the movement of the piston rod of the 
piston 52 in the cylinder part 51 between the positions shown in Figs. 3B and 3C is 
determined by the play of the piston 54 of the measuring cylinder 53 and by the 
10 diameters of the cylinders. 

In the construction of Figs. 3 A — 3C the measuring cylinder 53 is placed directly in 
connection with the cylinder part 51, but it can also be placed apart from the 
cylinder part, since with regard to operation a mechanical connection between the 

15 piston 54 of the measuring cylinder and the piston 52 of the cylinder pan is not 
necessary. Such arrangements have been illustrated by way of example in Figs. 
4A — 4C and 5A — 5C. The numbering of said figures corresponds to the numbering 
of Figs. 3 A — 3C in so far as the constructions correspond to each other. In Figs. 
4A— 4C. however, the hydraulic cylinder has been denoted generally with the 

20 reference numeral 50a and in Figs. 5A — ^5C with the reference numeral 50b. 

The hydraulic cylinder 50a shown in Figs. 4A— 4C largely corresponds in structure 
to the structure shown in Figs. 3 A — 3C such that also in the arrangement of Figs. 
4A — 4C a measuring cylinder 53 is placed directly as an extension of a cylinder part 

25 51. In the structure shown in Figs. 4A— 4C, a partition wall 55, however, cuts off 
the mechanical coimection between a piston 52 of the cylinder part and a cylinder 54 
of the measuring cylinder, while a connecting duct 55a is formed into the partition 
wall 55 so as to extend therethrough so that the cylinder part 51 and the measuring 
cylinder 53 are in hydraulic connection with each other. A pressure connection 62 

30 opens into said connecting duct 55a. The operation of the hydraulic cylinder 50a is 
equivalent to that already explained in connection with Figs. 3A— 3C. 



10 
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In the position depicted in Fig. 4A, the hydraulic cylinder 50a is unpressurized. An 
external force acting on the arm of the piston 52 in the cylinder part 51 presses the 
piston 52 against the partition wall 55 and, in a similar way. a spring means 57 
fitted to the bottom of the measuring cylinder 53 presses the piston 54 of the 
measuring cylinder against the partition wall 55 . When hydraulic oil is supplied from 
a pressure duct 64 into the hydraulic cylinder through pressure connections 60 and 
62, the piston 54 of the measuring cylinder remains in the position shown in Fig. 4B 
against the partition wall 55 and the piston 52 of the cylinder part 51 moves to the 
position of Fig. 4B. The piston 54 of the measuring cylinder lemains in place for the 
reason that the same pressure prevails on both sides of said piston and that the 
effective area below the piston 54 of the measuring cyUnder is considerably larger 
than on the side of the partition wall 55. Thus, the hydraiilic cylinder 50a is shown 
in Fig. 4B in a position corresponding to that of Fig. 33 and in this regard reference 
is made to the description in connection with Fig. 3B. 



15 



20 



In Fig. 4C the hydraulic cylinder 50a is shown in a situation corresponding to that 
of Fig. 3C. In that case the control pressure prevailing in the pressure duct 64 has 
been removed, and the pressure below the piston 52 of the cylinder pan 51 and 
prevailing in the connecting duct 55a has pressed the piston 54 of the measuring 
cyUnder to the bottom of the measuring cylinder. In other respects, especially 
regarding the operation of valves 66.67, reference is made to the description already 
completely given in connection with Fig. SC. If the pressure is discharged totally out 
from the cylinder part 51. the piston 52 is first pressed to the bottom of the cylinder 
part 51 against the partition wall 55 and, after that, the spring means 57 pushes the 
25 piston 54 of the measuring cylinder from the other side against the partition wall 55 . 
This, then, is the situation shown in Fig. 4A. 

Figs. 5A— 5C depia a further embodiment of a hydraulic cylinder 50b. which is in 
operation identical witii the arrangement shown in Figs. 4A-4C. Also in suucture. 
30 the arnmgemem of Figs. 5A— 5C differs from tiiat of Figs. 4A-^C only in the 
respect that the measuring cylinder 53 in this embodiment is not directly an axial 
extension of tiie cylinder part 51. but, instead, the measuring cylinder 53 is turned 
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SO as to be at an angle relative to the cylinder part 51, said angle being W in Figs. 
5A — ^5C. Regarding the operation of this application, reference is made completely 
to that which has already been explained in connection with Figs. 3 A — 3C and 
4A— 4C. 

5 

The movements of the hydraulic cylinder illustrated in Figs. 3 A — 3C, 4 A — 4C and 
5A — 5C can also be easily provided with different movement velocities. A desired 
return movement from a working position may be determined for the cylinder. In 
operation, this kind of cylinder is suitable especially for a place where the length of 

10 the cylinder in working position varies from time to time and it is, however, desired 
that the piston of the cylinder shall move specifically a desired distance in a direction 
away from the working position. This kind of operation is needed, in addition to the 
relief cylinders of the calender in accordance with the invention, in a \yprking 
cylinder of a brake, where the length of the working position of the cylinder changes 

15 with the wearing down of the brake material and, nevertheless, it is possible to 
provide, after the braking has stopped, a clearance of constant magnitude for the 
brake in order to prevent dragging. This property has been achieved by passing the 
oil discharging from the cylinder during a return movement to a special measuring 
cylinder. The length of the return movement of the cylinder can be affected in a 

20 desired manner by means of the diameter and the length of the measuring cylinder. 

Above, the invention has been described by way of example with reference to the 
figures in the accompanying drawing. The invention is, however, not confmed to the 
exemplifying embodiments shown in the figures alone, but different embodiments of 
25 the invention may vary within the scope of the inventive idea defmed in the accom- 
panying claims. 
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Claims 

1. A method of quick-opening a set of rolls in a calender, in particular a 
supercalender, in a calender (10) in which a paper or board web (W) to be calen- 
5 dered is passed through calendering nips (Nj— N9) formed by a variable-crown top 
roll (13), a variable-crown bottom roll (14) and by two or more intermediate rolls 
(15—22) fitted between the top and bottom rolls (13,14), which rolls (13—22) are 
arranged to form a substantially vertical stack of rolls (12), and in which calender 
the intermediate rolls (15—22) are supported by means of hydraulic relief cylinders 

10 (155 — ^225) so as to relieve the nip load produced by the masses of bearing housings 
(151 — ^221) of said intermediate rolls (15 — 22) and of auxiliary devices (154—224) 
associated therewith, and in which case, during the quick-opening of the set of rolls, 
the bottom roll (14) of the set of roUs is lowered and the relief pressures in the 
hydraulic relief cylinders (155—225) are discharged completely or partly so as to 

15 open the calendering nips (N,— N9), characterized in that the hydraulic oil flowing 
out from the relief cylinders (155—225) is controlled by means of valves (156—226) 
connected to the relief cylinders (155—225) of each intermediate roll (15-22) so that, 
during quick-opening of the set of rolls, the roll nips (N,— N9) may be opened in a 
controlled way in a desired order. 

20 

2. A method as claimed in claim 1. characterized in that, in connection with quick- 
opening of the set of rolls, the valves (156—226) controlling the relief cylinders 
(155—225) of all the intermediate rolls (15—22) are connected to open substantially 
simultaneously. 

25 

3. A method as claimed in claim 1 or 2, characterized in that, during quick- 
opening, the valves (156—226) controlling the relief cylinders (155—225) are 
controlled in such a way that, in the flow path of the oil flowing out from the relief 
cylinders (155—225), the oil flowing out from the relief cylinder (155) of the 

30 uppermost intennediate roll (15) has the highest flow resistance, the flow resistance 
being lower in the oil flowing out from the relief cylinder of each intermediate roll 
below in such a way that the oil flowing out from the relief cylinder (225) of the 
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lowermost intermediate roll (22) has the lowest flow resistance, in which case all the 
calendering nips (Nj — N9) open substantially simultaneously. 



4. A method as claimed in any one of the preceding claims, characterized in that, 
5 in a situation where the set of rolls is opened quickly, the hydraulic oil flowing out 

from the relief cylinders (155 — ^225) is passed through the valve controlling the next 
relief cylinder below, in which case the pressure of the relief cylinder (155) of the 
uppermost intermediate roll (15) is discharged through all the valves (156—226) 
controlling the relief cylinders, the pressure of the relief cylinder (225) of the 
10 lowermost intermediate roll (22) being discharged only through its own valve (226). 
respectively. 

5. A method as claimed in any one of the preceding claims, characterized in that 
the valves (156—225) of the relief cylinders (155 — ^225) of the intermediate rolls 

15 (15—22) are controlled hydraulically by a valve (35), which provides a control 
impulse simultaneously to all the valves (156 — ^226) of the relief cylinders 
(155—225). 

6. A method as claimed in any one of the preceding claims, characterized in that, 
20 during quick-opening of the set of rolls, the movement of the piston (52) of the relief 

cylinders (50,50a, 50b) is slopped or the movement is at least highly decelarated 
before the piston (52) is moved to the bottom after a desired quick-opening distance 
has been reached. 

25 7. A method as claimed in claim 6, characterized in that the movement of the 
piston (52) of the relief cylinders (50,50a.50b) is conuroUed by means of a measuring 
cylinder (53) connected to a cylinder part (51). 

8. A hydraulic system for a set of rolls in a calender, in particular a supercalender, 
30 comprising a variable-crown top roll (13). a variable-crown bottom roll (14) and two 
or more intermediate rolls (15 — ^22) fitted between the top roll (13) and the bottom 
roll (14). which rolls are arranged to form a substantially vertical stack of rolls (12), 
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the rolls (13 — 22) placed one above the other in the set of rolls being in nip contact 
with one another and forming calendering nips (N| — N9) therebetween, in which set 
of rolls the intermediate rolls (15 — 22) are provided with hydraulic actuators, in 
particular with relief cylinders (155 — 225), so as to relieve the nip load produced by 

5 the masses of bearing housings (151 — 221) of the intermediate rolls (15 — 22) and of 
auxiliary devices associated therewith, such as, take-out rolls and equivalent 
(154 — ^224), in which case, during operation, the hydraulic system is arranged to 
supply hydraulic oil to the relief cylinders (155 — ^225) under a desired pressure 
through valves (156 — ^226), characterized in that the hydraulic system is arranged 

10 to supply the relief cylinders (155 — ^225) with a hydraulic pressure which depends on 
the load acting on them and which pressure can, during the quick-opening of the set 
of rolls when the bottom roll (14) in the stack of rolls (12) has been lowered, be 
discharged from the relief cylinders (155 — ^225) of the intermediate rolls (15 — 22) in 
a controlled way so that the calendering nips (N] — N9) in the set of rolls may be 

15 opened in a desired order. 

9. A hydraulic system as claimed in claim 8, characterized in that the hydraulic 
system is divided into several separate pressure circuits in such a way that at least 
the hydraulic relief cylinders (155,175,195,215) of the intermediate rolls (15,17, 

20 19,21) provided with a take-out roll (154, 174,194,214) situated on the inside relative 
to a calender frame (11) have a pressure circuit (33') of their own, the hydraulic 
relief cylinders (165,185,205) of the intermediate rolls (16,18,20) provided with a 
take-out roll (164,184,204) situated on the outside relative to the calender frame (1 1) 
have a pressure circuit (32') of their own, the relief cylinder (225) of the drive roll 

25 (22) of the calender has a pressure circuit (34') of its own and, in addition, the 
hydraulic system comprises a separate pressure circuit (31*), which is arranged to 
supply each relief cylinder (155 — ^225) with a counterpressure of equal magnitude 
acting in a direction opposite to the relief pressure. 

30 10. A hydraulic system as claimed in claim 8 or 9, characterized in that, in a 
situation where the set of rolls is opened quickly, the valves (156 — ^226) controlling 
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the relief cylinders (155 — ^225) are arranged to discharge the relief pressure acting 
in the relief cylinders (155 — ^225) substantially simultaneously. 

11. A hydraulic system as claimed in any one of claim 8—10, characterized in that 
5 the flow resistances in the flow paths of the hydraulic oil flowing out from the relief 

cylinders (155 — ^225) are arranged in such a way that the flow resistance in the flow 
path of the uppermost relief cylinder (155) is the highest and the flow resistance in 
the flow path of the lowermost relief cylinder (225) is the lowest, the flow resistance 
being stepwise reduced in the direction from the relief cylinder (155) of the upper- 
10 most intermediate roll (15) to the relief cylinder (225) of the lowermost intermediate 
roll (22). 

12. A hydraulic system as claimed in any one of claims 8—11, characterized in 
that, in a situation where the set of rolls is opened quickly, the valves (156—226) 

15 controlling the relief cylinders (155 — 225) are connected in series in such a way that 
the oil flowing out from the relief cylinders (155 — 225) passes through the valve of 
the next relief cylinder below, in which case the oil flowing out from the uppermost 
relief cylinder (155) passes through all the valves (156 — 226) controlling the relief 
cylinders and the pressure of the lowermost relief cylinder (225) discharges only 

20 through its own valve (226), respectively. 

13. A hydraulic system as claimed in any one of claims 8—12, characterized in 
that the valves (156—226) of the relief cylmders (155—225) are hydraulically 
controlled valves and that the hydraulic system is provided with a valve (35), which 

25 is arranged to supply a control pressure to all the valves (156 — ^226) of the relief 
cylinders. 

14. A hydraulic system as claimed in any one of claims 8—13, characterized in 
that the hydraulic system is provided an oil reservoir (30), which is connected to the 

30 pressure circuit (31') supplying a counterpressure to the relief cylinders (155 — 225), 
in order to ensure a sufficiently quick supply of oil to the cylinders in a quick- 
opening situation. 
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15. A hydraulic system as claimed in any one of claims 8—14, characterized in 
that the relief cylinders (50.50a.50b) are three-position hydraulic cylinders, the 
movement of whose piston (52) can be stopped or at least highly decelerated during 
quick-opening of the set of rolls after a desired quick-opening distance has been 

5 reached before the piston (52) is moved to the bottom. 

16. A hydraulic system as claimed in claim 15. characterized in that a measuring 
cylinder (53) controlling the movement of the piston (52) of the relief cylinder 
during quick-opening is connected to the relief cylinders (50,50a,50b). 

10 

17. A hydraulic system as claimed in claim 16, characterized in that the coupling 
between the measuring cylinder (53) and the relief cylinder (50) is such that the 
pistons (52.54) of the measuring and relief cylinders can be brought to a mechanical 
connection with each other. 

15 

18. A hydraulic system as claimed in claim 16, characterized in that the pistons 
(52,54) of the relief cylinder (50a.50b) and the measuring cylinder (53) are in direct 
hydraulic connection with each other. 



20 
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